Abstract: This study explores how to delineate Russian cities in order to make them comparable on 8 the world scale. In doing so we introduce the concept of large urban regions (LUR) applicable to the 
Introduction

23
Traditionally, cities in Russia are defined according to political borders and considered as 24 administrative units. City in Russia is a legal status that is assigned by the government to a settlement 25 that can be obtained or lost depending on different contextual factors. Interestingly, the population resulting population of the 10 biggest Large Urban Regions in Russia (5) .
towards the Western countries. In the conditions of a huge economic decline in Russia in the 1990's, many cities were drastically depopulating and a majority of people moved to Moscow to find a job and
148
to have access to a better life. At the same time, after the end of the Soviet Union, all post-soviet cities 149 started their integration into globalization and the world system of cities [9] . However, due to the deep economic recession, it was more profitable to live in villages because people there could receive certain 151 benefits in taxation and in payment of utilities, also rural teachers and doctors had special financial 152 governmental support. Moreover, in villages, people could privatize more territories, which also 153 encourage them to move to a village. Therefore, in the 1990's there was so called "administrative 
157
This specific urban development in Russia and the particular way the cities are defined, constitutes 158 a set of key characteristics of cities in contemporary Russia. Despite that 75% of the population in Russia 159 is considered as urban (Rosstat, 2019) due to a city as a legal status, many Russian settlements are only 160 officially "cities", whereas in terms of functions and lifestyle they still remain quite rural. In these terms, 
164
Another critical feature having its origin in the deep economic recession of the 1990's, is the incredible 165 growth of Moscow that caused a shrinkage, a stagnation or rarely a very slight growth of other cities in
In the time of the USSR and contemporary Russia, several different methods to delineate a city 169 have been developed depending on the purposes of geographic analysis. These initiatives aimed at 170 measuring the urban growth in a consistent way, while the legal status of a settlement could be gained 171 or lost within time and over the years criteria to obtain this urban status varied considerably from census to census, which made urban comparative research over time quite difficult. Therefore, most of the proposed alternative urban definitions have different terminologies for these spatial urban entities, whereas the notion of city always refers exclusively to the legal status.
175
To organize the variety of different methods of city delineation applied in the Russian context,
176
we follow the four principal urban concepts introduced by Pumain et al. [12] . Each of these city concepts 
182
This is the delimitation most often used in economic research on Russian cities and regions (subjects
183
of Federation) because of the data availability: Rosstat 2 as a main source of statistical information 184 provides data only within administrative boundaries on the different levels (Tab. 
188
The subjects of the Federation are top-level political divisions possessing equal rights, despite differences in terms of size of territory, population, and specific national languages. 
203
These both types are used for the biggest cities in a region;
204
 Communes ("vnutrigorodskoy rayon" in Russian) (19) 
205
Internal divisions of urban neighborhoods. 
208
 rural settlements (selskie poselenia) (17, 772) 209 which are self-governing political divisions.
Places with very law population density, which are governed by the municipal district's administration to which they belong.
216
The difference between urban settlements and urban neighborhoods is mostly considering the 217 size of territory and its place in urban hierarchy: urban settlements are smaller in size and concern 218 places of local significance, whereas urban neighborhoods are larger and include cities of regional 219 significance. Also, there are so called inter-settlement territories (80 in total) that are governed by the 220 administration of municipal districts.
221
Therefore, in Russia there are 3 levels of statistical organization: federal districts (federal), 222 subjects of the Federation (regional) and municipalities (local level). 
238
It results a delineation of urban agglomerations based on the municipality level [14] . This 239 delineation permits to work on the population evolution of areas, but unfortunately, no data is 240 available for other kinds of themes like workers and industries by activity.
241
Another study on the morphological urban areas is provided by the Global Human Settlement
242
Initiative 3 on the world scale, that is based on built-up areas and identifies urban centers (cities), dense 243 and semi-dense urban cluster (towns and suburbs) and rural areas. 
251
Based on the analysis of different methods used in the USSR or Russia to delineate so called
252
"urban agglomerations", the produced delineations embraced a whole zone of economic influence of 253 a city, including its towns-satellites and we can conclude that all of them correspond to the 254 understanding of a city as a functional urban area or urban regions. Despite that in the Russian 255 language, most of the authors refer to the term "urban agglomeration", we will translate it below 256 with the more consistent terms of "functional urban area" or "urban region".
257
The methods applied in USSR or Russia can be divided into two categories: case-study based 
265
agriculture is not lower than 60%; 2) the proportion of working people of the core-city (Kharkiv) in 266 the total urban region is not lower than 25%; 3) population growth in the satellite towns is at least 267 10% over the selected period; 4) population density is not less than 70 people per square km.
268
Later, delineating the urban region of Sverdlovsk (now Ekaterinburg), Skutin [18] proposed the 269 so called method of "total indicator of attributes", which is based on a large set of criteria 3) Development threshold: coefficient of development is more than 1.
296
The formula of the coefficient of development: 
302
The authors highlight that cities with a population of more than 250,000 people have completely 
324
According to this method, 193 urban regions were identified in the USSR [27].
325
These two previous approaches, that are very close methodologically, were the two principal 326 ones in the USSR until 1988, when the group of researchers namely Polyan, Naimark and Zaslavskiy
327
proposed the "standardized method of urban agglomeration delimitation" that again determined Two big cities (more than 100,000 people) with a distance between each other not more than 50 km.
Big city (more than 100,000 people) 
428
The MUA approach identifying physical boarders of all settlements based on the built-up area 429 incompletely encompasses the whole cities' influence area. However, this MUA method can help to 430 observe dense distribution of population around a core city that is an important factor to identify the 431 higher influence zone of this core city (for example, the world atlas of the Global Human Settlement
432
Initiative can be used). For different reasons, the first concept of a city within its administrative
433
boundaries cannot be used for comparative studies: arbitrary denomination mostly based on political
434
connivance has importance but cannot constitute a criterion to compare cities' properties.
435
In this paper, we aim to propose a new method of city delineation that would be, on one side,
436
universal as we apply it to all Russian cities using the same concepts and the same set of criteria (such 
Identification of the core cities
474
The core city of a LUR can be identified with night satellite images provided, for example, by
475
Google 6 . We also used as a starting point, the DARIUS database on morphological urban areas [37],
476
which includes urban settlements with a population of more than 10,000 people and the zones 477 defined by the Global Human Settlement Layer (GHSL, 2015).
478
Selection of aggregation units around the city cores
479
In order to select districts for potential borders of a LUR, we should first look at the distribution 480 of towns and other urban settlements around a core city according to the satellite images and 481 according to DARIUS. As a starting point for a distance measurement from a core, we propose to use 482 the principal airport, which is particularly helpful in the case of polycentric urban areas, where an and railroads), as well as to consider a distance criterion. A distance threshold varies in every case, mainly it depends on the size of a core city (the bigger a core city is, the bigger its influence zone is),
487
on accessibility to urban settlements around a core, their sizes and economic importance, and on the 488 relative density of the region. 
508
We define Large Urban Region (LUR) as an aggregation of administrative local units around a 509 core city, which are economically influenced by this core, meaning that they have important local
510
interactions constructing a unique regional urban system. The area around a core is different for every 511 city, depending on the economic power of the core city, the general density of the city location, the 512 density of transport networks, the continuity of population density, the historical constitution of the 513 cities and the administrative and political regional borders (Oblasts: subjects of the Federation). Also, 
Two case studies of delineation of Large Urban Areas in Russia
520
To illustrate the delineation of Large Urban Regions (LUR) we selected two examples: a) St.
521
Petersburg, as the second city in Russia, in terms of population, economic and political power; and 522 b) Samara oblast, that is characterized by its polycentric organization. 
526
The city is a separate subject of the Federation, with a population of 1,8 million inhabitants (Rosstat, 
532
In terms of urban geography, St. Petersburg is clearly a monocentric city, which is a core city for 
538
The distribution of the population around St Petersburg's core goes most intensively to the
539
North towards the boarder with Finland and to the West, towards the boarder with Estonia. Probably,
540
because these two directions go along the Finnish gulf, and people prefer to live close to water.
541
Secondly, the North is particularly famous due to its diverse and numerous water recourses: variety 542 of lakes and rivers. Also, both of these directions lead to countries of the European Union: Finland
543
and Estonia, which are very popular amongst local people for so called one day "shopping" tourism.
544
Therefore, these two axes have great advantages of their economic-geographic situation, especially,
545
the North because of Finland. The population distribution in the East and South is apparently mostly 546 along roads and is more discontinuous.
547
As a core point we take the international airport of St. Petersburg (LED) Pulkovo, because we 
556
The road network around St. Petersburg (Fig.2) 
571
To construct LUR as a large statistical unit, we should aggregate in a continuous way the smallest 572 statistical units such as municipalities. However, since Rosstat provides only population data for 573 municipalities, and not any economic indicators, such as employment and production data, we will 574 aggregate entire administrative districts ("rayon" in Russian, which are sets of municipalities). It is 575 reasonable to do so also because municipalities in Russia do not have a lot of political and economic
576
7 In Russia there are two legal statuses of urban settlements: 1) city (there is no universal definition; strategic location/position and historical meaning are more important than a number of inhabitants); 2) urban-type settlement (intermediate position between a city and a village (English equivalent could be a "town"); usually more than 2,500 inhabitants; at least 2/3 of the population work in fields others than agriculture). power to influence local economic processes, concerning firms' activities, investment attraction etc., usually these types of questions are addressed by districts' (rayons) administrations. 
587
3) we respect the borders of the subject of the Federation, because economically they differ very 588 much, which is of crucial importance for business.
589
The inclusion in the same subject of the Federation is the reason why we did not include some 590 districts of Novgorod oblast in this LUR and particularly, the Chudovsky district (in red in Figure 3 ),
591
which otherwise absolutely has to be integrated into this LUR, first, because it is completely within a 592 distance threshold of 150 km, and second, crossed by highways towards Moscow that means it is well 593 connected and accessible.
594
Four districts in the Eastern part of the Leningrad oblast were not integrated into LUR for the 595 following reasons: 1) they are too far from the core (more than 150 km, which would be equal to more 
599
Thus, we selected 14 districts (rayons) in the Leningrad oblast and the city of Saint-Petersburg 600 as forming a unique Large Urban Region that we will call Saint-Petersburg LUR. Based on the 601 analysis of population distribution and road networks we identified the territories around St.
602
Petersburg that gravitate towards it, and therefore are better connected and more easily accessible 
614
with the territory, the population also changes according to different urban definitions (Tab.1). 
616
658
To understand the distribution of population around this urban region we look at the night 659 satellite image of Samara oblast, where we drew the official existing delineations (Fig.6) . 
663
The principal airport (and the only one) of the whole region is KUF and is situated between the 664 two defined cores: Samara and Togliatti. Therefore, due to its central position, it allows us to consider 665 it as a central point for the potential LUR. Then, to include Syzran we should use a distance threshold to the cores by roads. To verify this we look at the map of a road network around these two cores,
669
where we also situated MUAs identified in the database DARIUS [37] (Fig.7) . 
672
We see that the road network is quite well developed in both the North and East, which links 673 little industrial towns-satellites to the cores. Also, in these directions there is a railroad that serves as 674 another link to the cores. Since in the North-West direction there is another large city, which is the 675 center of Ulyanovsk oblast, that has its own public airport ULV, we assume that it creates its own 676 LUR around itself and therefore, we would include smaller cities in the North-West in that LUR, and 677 not in the Samara one. Another reason for this is the political borders of two different oblasts that we 678 want to respect (see the figure 8 ). Thus, we propose to extend the official definition of Samara LUR and include more districts that first, are well connected to the cores, and second, have MUAs. In Based on the accessibility criterion and distance from the airport, we finally decided to extend interregional roads); 3) presence of MUAs in districts; 4) continuity of districts. Also, before the 687 inclusion of any districts in a LUR, we should pay attention to the industrial importance of a district,
688
particularly if some of the main criteria are not met. In the case of Samara we hesitated about
689
Isaklinsky district: it does not have any MUAs, it is not crossed by any major roads, however, for 690 continuity reasons and because it is just on the border of 120 km threshold from the core we could 691 include it. To take a decision, we explored the economy of this district and its importance for the 692 oblast. It turned out that this district is completely agricultural and it does not have any petrol 693 extraction enterprises or high-tech production, which means that, in its essence, the district remains 694 rural. Therefore, we decided not to include it in the Samara LUR. 
705
and not so much towards the East-North of the oblast. However, for a comparison of cities on the 706 world scale, we find it important to include as many towns around a core as possible. Therefore, we 707 decided to extend the existing delineation of Samara urban region and to include towns that are 708 within a certain distance threshold and well connected to the cores. We did not include in Samara LUR the periphery of the Samara oblast because these districts exceed the distance threshold, not 710 very well connected or have highly rural economy (mainly agriculture).
711
In figure 9 we map different existing urban concepts of Samara. 
720
order to address specific research questions. There is not any political body that governs a 721 city in its conceptual borders and respectively a city in these borders is not state-financed 722 but one assumes that they constitute some consistent spatial systems that must be set of criteria that were discussed earlier in this article, and based on the code of municipal units that we used for the LUR construction, we made the following assumptions: units (such as districts for the Russian urban context) including all their economic influence to make 803 cities comparable on the national and the world scale. We argue that this new delineation will better permit to study the socio-economic evolution of the Russian urban system and to evaluate the urban 805 regions' insertion into globalization in a comparative way.
